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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a combustion control 
device in an engine in which fuel having a high cetane number 
is diffused for combustion through self-ignition, so as to 
prevent production of soot from being abruptly increased even 
though the equivalent ratio is increased, thereby it is possible 
to enhance the output torque of the engine. 
SOLUTION: A combustion control device for an internal 
combustion engine which is operated with the use of fuel 
having a high cetane number, comprising a fuel supply means 
for supplying fuel into a combustion chamber 3 at the first time 
during intake or compression stroke so as to create a lean 
mixture therein, and then supplying fuel into combustion 
chamber 3 at the second time during compression stroke after 
the compression stroke at the first time so as to create an 
over-rich mixture therein, and an ignition means 12 for burning 
a lean one of these mixtures in the combustion chamber 3 
through self-ignition or forced ignition. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. :tc^9|e* shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the combustion control system of the internal combustion engine which operates using the 
fuel of the high cetane number inside or into a compression stroke, an inhalation--of-air line performs 
1 st fuel supply to a combustion chamber, and forms a lean mixture — making — this — rich 
[ perform / to this combustion chamber / 2nd fuel supply into the compression stroke after the 1st 
fuel supply and ] — with a fuel-supply means to make gaseous mixture form The combustion control 
system characterized by having offered the ignition means burned by self-ignition or the forced ignition 
about this lean mixture among the gaseous mixture of this combustion chamber at the time of this 
compression stroke. 

[Claim 2] The above-mentioned ignition means is a combustion control system according to claim 1 
characterized by having offered the ignition plug arranged so that a combustion chamber might be 
attended. 

[Claim 3] The above-mentioned ignition means is a combustion control system according to claim 1 
which controls the self-ignition stage of a lean mixture and is characterized by having offered both the 
fuel quantity adjustment device which adjusts the fuel quantity in the lean mixture formed by the 1st 
fuel supply by the above-mentioned supply means, and amount both [ inner / inner either or ] of 
exhaust gas reflux which adjust the amount of exhaust gas reflux to an inhalation-of-air system. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the combustion control system which can reduce the 
soot in exhaust gas (soot) especially about the combustion control system of internal combustion 
engines including the diesel power plant which operates using fuels of the high cetane number, such as 
gas oil. 
[0002] 

[Description of the Prior Art] If an internal combustion engine is classified according to an ignition 
gestalt, it can divide roughly into the jump-spark-ignition type engine (henceforth [ since it is generally 
a gasoline engine ] a gasoline engine) which burns by carrying out the forced ignition of the fuel of a 
combustion chamber using an ignition plug, and the self^ignition type engine (henceforth [ since it is 
generally a diesel power plant ] a diesel power plant) which burns by carrying out self-ignition of the 
fuel of a combustion chamber, without using an ignition plug. 

[0003] In the case of a gasoline engine, there is an advantage which can control the ignition timing of a 
fuel by the ignition plug freely, but when a fuel carries out self-ignition before ignition by the ignition 
plug, there is also a possibility of ignition timing of a fuel not being controlled freely but causing 
knocking. For this reason, with the jump-spark-ignition type engine, it is hard to carry out self-ignition, 
namely, the fuel with a high octane value (gasoline) is used. 

[0004] On the other hand, in the case of a diesel power plant, if a fuel does not carry out self^ignition, 
it cannot burn. For this reason, with the self-ignition type engine, it is easy to carry out self-ignition, 
namely, the fuel with the high cetane number (gas oil, fuel oil) is used. However, he cannot control 
ignition timing of a fuel by this diesel power plant freely like a gasoline engine, but is trying to control 
the ignition timing of a fuel by it by adjustment of fuel-injection timing chiefly. 
[0005] That is, by the diesel power plant, if the conditions (generally fuel concentration and 
temperature conditions) which carry out self-ignition of the fuel injected by the combustion chamber 
are ready, a fuel will be lit Generally, since the temperature of a combustion chamber reaches ignition 
temperature in the middle of a compression stroke, in the general adjustable range (namely, near a 
compression top dead center) of the ignition timing of a fuel, self^ignition will be carried out from the 
part which became fuel concentration suitable immediately after fuel injection. Therefore, the ignition 
timing of a fuel is controlled by adjusting fuel-injection timing. 

[0006] By the way, if an internal combustion engine is classified according to an output-control gestalt, 
it can divide roughly into the thing centering on control (throttle control) of an inhalation air content, 
and the thing like a diesel power plant centering on control of fuel oil consumption so that it may be 
represented by the gasoline engine. Of course, in the case of a gasoline engine, control of fuel oil 
consumption is also performed not only according to an inhalation air content but according to an 
inhalation air content. 

[0007] That is. while in the case of a gasoline engine controlling the opening of a throttle valve 
according to an accelerator control input and adjusting an inhalation air content, engine power is 
controlled by controlling actuation of an injector so that the fuel oil consumption corresponding to this 
inhalation air content is obtained. In the case of a general gasoline engine, fuel oil consumption is 
controlled so that an equivalent ratio is set to 1 [namely, the condition that an air-fuel ratio is equal to 
a stoichiometry air-fuel ratio (theoretical air fuel ratio)]. 

[0008] Moreover, in the case of the possible gasoline engine of lean combustion operation, at the time 
of lean combustion operation, fuel oil consumption is controlled so that an air-fuel ratio serves as [ an 
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equivalent ratio ] a suitable larger value than a stoichiometry air-fuel ratio (theoretical air fuel ratio) 
smaller than 1. Furthermore, by stratified combustion which collects the gaseous mixture of necessary 
concentration only near the ignition plug by being able to perform premixed combustion by carrying out 
fuel injection of like an inhalation-of-air line to the timing made into the core in the case of the 
gasoline engine of the injection mold in a cylinder, and also performing fuel injection on and after the 
compression stroke middle, the comprehensive air-fuel ratio could be enlarged extremely, and it could 
operate, securing flammability, (with namely, very thin gaseous mixture), and has contributed to the 
large improvement in fuel consumption. 

[0009] On the other hand, in the case of a diesel power plant, control about an inhalation air content is 
not performed (as a condition which is always equivalent to throttle full open), but it is adjusting only 
fuel oil consumption according to an accelerator control input, and engine power is controlled, in this 
case, engine power increases, so that an engine output control will be performed by controlling an 
equivalent ratio (or excess air factor), an equivalent ratio becomes large, and an excess air factor 
becomes small namely,. 
[0010] 

[Problem(s) to be Solved by the Invention] By the way, with a self-ignition type engine (diesel power 
plant), if fuel oil consumption is increased and an equivalent ratio is enlarged as shown in the straight 
line LI of drawing 6 , an engine output torque can be raised. Also at the time of lean combustion 
operation of a gasoline engine, it is the same inclination as this (straight line LI), and engine power 
increases according to increase of an equivalent ratio. 

[0011] However, in diffusive burning like a diesel power plant, and the stratified combustion (also in this 
case, it becomes a kind of diffusive burning) which performs fuel injection in the injection mold gasoline 
engine in a cylinder on and after the compression stroke middle, if engine power increases the method 
of being higher, and fuel oil consumption and it is going to enlarge an equivalent ratio, as shown in the 
curves L2 and L3 of drawing 6 , the fault that the yield of a soot (soot) or NOx will increase rapidly will 
arise. 

[0012] Then, in the case of a diesel power plant, from a viewpoint which controls generating of a soot 
or NOx, the present condition is stopping the equivalent ratio low (it limiting to the equivalent ratio 0.67 
in this example), and, naturally, the maximum of an engine output torque will also be restricted like the 
point PI of drawi n g 6 . Moreover, in the case of the injection mold gasoline engine in a cylinder, in 
addition to the stratified combustion by the fuel injection on and after the compression stroke middle, 
fuel injection can be carried out to the timing which made it the core like the inhalation-of-air line, and 
premixed combustion can also be performed. Therefore, extensive generating of such a soot can be 
avoided by switching fueHnjection mode to a premixed combustion side, and the maximum of an engine 
output torque can be raised by switching to premixed combustion to the magnitude (point P2 of 
drawing 6 ) corresponding to the equivalent ratio 1. 

[0013] In addition, in drawing 6 , a curve L4 shows the soot yield in premixing operation in a port 
injection mold gasoline engine and the injection mold gasoline engine in a cylinder, and a point P3 
shows the output torque value of the engine corresponding to the quantitative ratio 1 — it can set to a 
port injection mold gasoline engine. Moreover, a curve L5 shows the yield of NOx in premixing operation 
in a port injection mold gasoline engine and the injection mold gasoline engine in a cylinder. 
[0014] If its attention is paid to the engine which performs diffusive burning, such as a diesel power 
plant, in order to raise the output torque, it is necessary to make it the yield of a soot or NOx not 
increase rapidly, even if it enlarges an equivalent ratio. Among these, about NOx, although generating 
can be reduced comparatively effectively by reducing an intake-air temperature by exhaust gas 
recirculation (EGR) or the intercooler, the present condition is that there is no cure extraordinarily 
effective in reducing generating of a soot, and it has become the hindrance for enlarging an equivalent 
ratio. 

[0015] It was originated in view of the above-mentioned technical problem, and even if an equivalent 
ratio is large and it carries out this invention in the engine which performs diffusive burning by the self- 
ignition of a fuel using a high cetane number fuel, it aims at offering the combustion control system 
which enabled it to raise an engine output torque as generating of a soot did not increase rapidly. 
[0016] 

[Means for Solving the Problem] For this reason, perform 1st fuel supply to a combustion chamber, and 
a lean mixture is made to form, an inhalation-of-air line performs 2nd fuel supply to a combustion 
chamber, and a fuel-supply means makes a fault rich mixture form [ line ] into the compression stroke 
after this 1st fuel supply inside or into a compression stroke in the combustion control system of this 
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invention according to claim 1 in the combustion control system of the internal combustion engine 
which operates using the fuel of the high cetane number. And it is made for an ignition means to make 
it burn by self-ignition or the forced ignition about a lean mixture among the gaseous mixture of a 
combustion chamber at the time of a compression stroke. 

[0017] Therefore, it is spread in a combustion chamber without lighting immediately, since the gaseous 
mixture formed by the 1st fuel supply is thin in a combustion chamber, and it will be in a premixing 
condition. While the fault rich mixture formed by the 2nd fuel supply touches the gaseous mixture of 
this thin premixing condition, come to be unevenly distributed. A lean mixture rich — it does not light 
by combustion propagation of gaseous mixture, but comes to light itself through an ignition means, and 
rich from this lean-mixture side — gaseous mixture — combustion comes to advance toward a side 
and rich — generating of the soot by combustion of gaseous mixture is controlled. 
[0018] In the combustion control system of this invention according to claim 2, the forced ignition of 
the lean mixture formed by the 1 st fuel supply is carried out by ignition by the ignition plug arranged so 
that a combustion chamber might be attended as an ignition means. Although the lean mixture formed 
by the 1st fuel supply has a self-ignition stage controlled by the combustion control system of this 
invention according to claim 3 through an ignition means, with an ignition means, a self-ignition stage is 
controlled by adjusting the self-ignition conditions of a lean mixture by a fuel quantity adjustment 
device's adjusting the fuel quantity in a lean mixture, or adjusting the amount of exhaust gas reflux to 
an inhalation-of-air system with the amount adjustment device of exhaust gas reflux. 
[0019] 

[Embodiment of the Invention] Hereafter, drawing 1 - drawing 4 show the combustion control system 
as the 1st operation gestalt of this invention, and if the gestalt of operation of this invention is 
explained, drawing 5 will show the combustion control system as the 2nd operation gestalt of this 
invention with a drawing, and will explain it with it based on these drawings. 

[0020] If the 1st operation gestalt is explained, first, the internal combustion engine concerning the 
combustion control system of this operation gestalt As it is the engine (diesel power plant) which can 
perform combustion operation by the self^ignition of this fuel and is shown in drawing 1 using the fuel 
(for example, gas oil) of the high cetane number The combustion chamber 3 formed between a cylinder 
1, the piston 2 which reciprocates the inside of a cylinder 1, and piston 2 top face and cylinder 1 wall. 
The suction port 4 which supplies air into this combustion chamber 3, the inlet valve 5 with which the 
suction port 4 was equipped, the exhaust air port 6 which discharges the combustion gas in a 
combustion chamber 3, and the exhaust valve 7 with which the exhaust air port 6 was equipped are 
offered. 

[0021] And the fuel injection valve 8 which can perform fuel injection at the stage of arbitration is 
arranged so that the nozzle-hole 8A may be made to face directly in a combustion chamber 3. 
Furthermore, the ignition plug 9 is formed in the combustion chamber 3. In addition, since a diesel 
power plant originally burns by the self-ignition of a fuel, the ignition plug 9 is unnecessary, but with 
this engine, in order to realize certainly the special combustion gestalt mentioned later, the ignition plug 
9 is formed. 

[0022] In order to control actuation of such a fuel injection valve 8 and the ignition plug 9 as an ignition 
means, the electronic control unit (ECU) 10 is offered. In this ECU10, a fuel injection valve 8 and an 
ignition plug 9 are controlled by fuel-injection control means 10A which the detection information about 
engine operational status was inputted from the operational status detection means 21, and was 
offered into ECU10, and ignition timing control means 10B according to engine operational status, 
respectively. 

[0023] And this combustion control system consists of a fuel-supply means 1 1 which consists of a fuel 
injection valve 8 and fuel-injection control means 1 0A, and a function (ignition means) 1 2 to light the 
lean mixture which consists of an ignition plug 9 and ignition timing control means 10B. By the way, 
with this engine, compression stroke injection mode and two fuel-injection modes of the division 
injection mode for soot reduction are offered, and mode setting means IOC which sets up fuel- 
injection mode is offered on ECU10. 

[0024] Using the map about the mean effective pressure Re as an engine speed Ne and an engine load 
as shown in drawing 2 by mode setting means IOC, compression stroke injection mode is chosen in the 
comparatively low field of an engine speed Ne and an engine load, and the division injection mode for 
soot reduction is chosen in the comparatively high field of an engine speed Ne and an engine load. 
[0025] The compression stroke injection mode of such fuel-injection modes is the usual mode as a 
diesel power plant which burns only by self-ignition without injecting a fuel from a fuel injection valve 8 
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into a combustion chamber 3 to a compression stroke (generally the compression stroke middle or 
subsequent ones) and using an ignition plug 9. On the other hand, in one combustion cycle, an 
inhalation-of-air line carries out 1st fuel injection (fuel supply) to inside or a compression stroke 
(generally the first half of a compression stroke) from a fuel injection valve 8, next the division injection 
mode for soot reduction is made to carry out 2nd fuel injection (fuel supply) to a compression stroke 
(generally the compression stroke middle or subsequent ones) from a fuel injection valve 8. With this 
operation gestalt, 1st fuel injection is performed to inside like an inhalation-o'Pair line, and 2nd fuel 
injection is performed into a compression stroke. 

[0026] And by the 1st fuel injection, as the thin gaseous mixture which cannot carry out self-ignition 
immediately is formed in a combustion chamber 3, by the 2nd fuel injection, in a combustion chamber 3, 
thin gaseous mixture is adjoined and the rich gaseous mixture which can carry out self-ignition 
immediately is formed, such — each — gaseous mixture — in order to realize concentration, generally, 
the injection quantity of the 1st fuel injection will be lessened comparatively, and will make [ many / 
comparatively ] the injection quantity of the 2nd fuel injection. 

[0027] Moreover, in this division injection mode for soot reduction, before the rich gaseous mixture by 
the 2nd fuel injection carries out self-~ignition, it is made to carry out a forced ignition to the thin 
gaseous mixture by the 1st fuel injection by ignition to ah ignition plug 9. Since the thin gaseous 
mixture by this 1st fuel injection has time amount by combustion initiation and it is fully mixed in the 
combustion chamber 3, after ignition takes the gestalt of premixed combustion and advances to a fault 
according [ combustion of this thin gaseous mixture ] to 2nd fuel injection rich-mixture side, and 
before carrying out self-ignition of the fault rich mixture, it bums in response to combustion of thin 
gaseous mixture. 

[0028] thus, rich by the flame by the lean mixture — rich [ by self-ignition ] by wrapping in gaseous 
mixture — it is checked experimentally that the yield of a soot is markedly alike and decreases 
compared with the case where gaseous mixture burns. Although analysis of the combustion reaction in 
a combustion chamber is not easy and it does not understand clearly by what kind of mechanism a 
soot yield decreases, afterfire of a soot can be activated in the soot formed by the fault rich mixture 
into the activity oxidizing atmosphere made by combustion of a lean mixture existing, and that by which 
the yield (discharge) of a soot is reduced sharply is conjectured. 

[0029] Thus, as combustion is advanced from a lean-mixture side to a fault rich-mixture side, he is 
trying to reduce sharply the soot yield which poses a problem especially in the high field (namely, high 
operating range of an engine output request) of an engine load or an engine speed in the division 
injection mode for soot reduction by performing a forced ignition to the lean mixture of a premixing 
condition with an ignition plug 9. 

[0030] And based on the fuel-injection mode set up by mode setting means IOC and the operational 
status (for example, an engine speed Ne and an engine load Pe) of the engine obtained with the 
operational status detection means 21, a fuel-injection termination stage and a fuel fuel injection 
period are set up, and actuation of a fuel injection valve 8 is controlled by fuel-injection control means 
10A of ECU10. In addition, fuel oil consumption is adjusted according to a fuel fuel injection period, and 
injection timing adjustment of the fuel is carried out according to a fuel-injection termination stage. 
[0031] Moreover, when the division injection mode for soot reduction is set up by mode setting means 
IOC, based on the operational status of the engine obtained with the operational status detection 
means 21, the ignition timing by the ignition plug 8 is controlled by ignition timing control means 10B of 
ECU10. That is, before a fault rich mixture carries out self-ignition, it controls to perform ignition by 
the ignition plug 8 to timing to which combustion advances from a lean mixture to this fault rich 
mixture. 

[0032] This ignition timing can be set up presuming the self-ignition timing of a fault rich mixture, rich - 
- the self-ignition timing of gaseous mixture is rich — as rich as the supply timing (namely, timing of 
the 2nd fuel injection) of gaseous mixture — time lag until it is decided by time lag until self-ignition 
happens from the supply time of gaseous mixture and self-ignition happens is rich — it can presume 
based on the concentration (equivalent ratio) of gaseous mixture, or engine operational status. 
[0033] so. at ignition timing control means 10B, it set up by fuel-injection control means 10A — rich — 
rich from the time lag presumed to be the supply timing of gaseous mixture — it asked for and asked 
for the self^ignition timing of gaseous mixture — rich — ignition timing is set up so that whether it is 
smaller than the self-ignition timing of gaseous mixture may perform ignition by the ignition plug 8 at 
the last time, and the drive of an ignition plug 8 is controlled. Therefore, it can become behind also 
when ignition timing comes depending on the time lag of self-ignition before the supply timing (timing of 
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the fuel injection which is the 2nd time) of a fault rich mixture. 

[0034] Since the combustion control system as 1 operation gestalt of this invention is constituted as 
mentioned above, a combustion control is performed by the flow as shown, for example in drawing 3 . 
That is, the operational status (for example, an engine speed Ne and an engine load Re) of the engine 
obtained with the operational status detection means 21 is read first (step S10). In mode setting means 
IOC. either mode of the division injection mode for soot reduction and compression stroke injection 
mode is set up using a map as shown in drawing 2 based on this operational status. 
[0035] When this set-up mode is judged (step S20) and compression stroke injection mode is set up, it 
progresses to step S60, and it burns only by self-ignition without making a fuel inject into a combustion 
chamber 3 from a fuel injection valve 8 through fuelHnjection control means 10A on and after the 
compression stroke middle and using an ignition plug 9. moreover, when the division injection mode for 
soot reduction is set up Progress to step S30 and an inhalation-of^air line performs 1st fuel injection 
(the 1st injection) from a fuel injection valve 8 to inside through fueHnjection control means 10A. 2nd 
fuel injection (the 2nd injection) is carried out to a compression stroke from a fuel injection valve 8 
through fuel-injection control means 10A (step S40). Further next, by control of ignition timing control 
means 10B An ignition plug 8 is operated, the lean mixture which changed into the premixing condition 
by the 1st injection is lit, and before a fault rich mixture carries out self-ignition, combustion is made 
to advance to this fault rich mixture from a lean mixture (step S50). 

[0036] In process of such fuel injection and ignition, the condition in a combustion chamber 3 comes to 
be shown in drawing 4 . That is, if the 1st injection of a fuel is performed like an inhalation-of-air line 
as shown in drawing 4 (A), the fuel by this 1st injection is stirred diffusing an inhalation-of-air line in a 
combustion chamber 3 by the flow of inner inhalation of air, as shown in drawing 4 (B), and will be in a 
premixing condition. Moreover, self-ignition is not carried out even if the temperature in a combustion 
chamber 3 increases, since the gaseous mixture by this 1 st injection is thin. 

[0037] And the 2nd injection is performed as shown in drawing 4 (C) on and after the compression 
stroke middle. Since it is rich, if the temperature in a combustion chamber 3 increases like on and after 
the compression stroke middle, when the gaseous mixture by this 2nd injection reaches the 
temperature corresponding to the concentration of gaseous mixture, selfHgnition of it will be carried 
out Just before the rich gaseous mixture by this 2nd injection carries out selfHgnition, as it is shown 
in drawing 4 (D), ignition by the ignition plug 9 is performed to the lean-mixture side of the premixing 
condition formed of the 1 st injection. 

[0038] In addition, in drawing 3 and drawing 4 , although lit after the 2nd injection [(C) of step S40 of 
drawing 3 , and drawing 4 ] [(D) of step S50 of drawing 3 , and drawing 4 ], the sequence of the 2nd 
injection and ignition has the case of being contrary to this, and the case of coincidence. With ignition 
by the side of the lean mixture of a premixing condition just before this rich gaseous mixture carries 
out self-ignition, combustion comes to advance toward a fault rich-mixture side from a lean-mixture 
side. 

[0039] Thus, if combustion advances toward a fault rich-mixture side from a lean-mixture side, the 
soot which should originally be generated by combustion of a fault rich mixture will come to be reduced 
sharply. For this reason, it can set up now also about a quantitative ratio field (0.67 or more 
quantitative ratios [ — it can set to drawing 6 — ] field) — since a soot occurred sharply 
conventionally, it was not able to set up — and the steep increment in an equivalent ratio also enables 
it to aim at large improvement in an engine output torque. 

[0040] By the way, it has become clear that self-ignition is not carried out to not reaching to height 
with the fuel concentration (an equivalent ratio corresponding) of gaseous mixture and the temperature 
condition of gaseous mixture even if the fuel of the high cetane number is in a premixing condition. 
Although the situation which does not carry out self-ignition although this lean mixture will be in a 
premixing condition by rarefying gaseous mixture by the 1st fuel injection enough using such a property 
is made in the combustion control system of this invention, you may make it add adjustment of 
temperature conditions to this. 

[0041] That is, the temperature of gaseous mixture can be adjusted by reducing an intake-air 
temperature by exhaust gas recirculation (EGR) or the intercooler etc. Then, if the temperature rise of 
gaseous mixture is suppressed with such a means, the selfHgnition of the lean mixture by the 1st fuel 
injection can be prevented certainly, and it can set up certainly so that it may light for the first time by 
ignition by the ignition plug 9 about the lean mixture by the 2nd fuel injection, and the condition that 
combustion advances toward a fault rich-mixture side from a lean-mixture side can be made certainly. 
[0042] Next, the 2nd operation gestalt is explained. With this operation gestalt, a forced ignition is not 
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carried out and it is made to carry out self-ignition of the ignition of the lean mixture by the 1st fuel 
injection by [ which are depended on an ignition plug 9 ] preparing the ignition condition of a lean 
mixture. Therefore, as shown in drawing 5 . an ignition plug 9 is not offered on the engine of this 
operation gestalt, but the fuel quantity adjustment device 31 and the amount adjustment device 32 of 
exhaust gas reflux are offered on it as a means (ignition means) to prepare the ignition condition of a 
lean mixture and to control the stage of self-ignition. 

[0043] That is, although it is called a lean mixture and self-ignition will be carried out when the 
temperature in the case where the fuel concentration is to some extent high, or a combustion chamber 
3 becomes to some extent high, generally the temperature in a combustion chamber 3 rises according 
to a piston 2 going to a compression top dead center. Therefore, it is also possible to carry out self- 
ignition of the lean mixture near a compression top dead center depending on a setup of the fuel 
concentration of a lean mixture or the temperature control in a combustion chamber 3. 
[0044] Then, the fuel quantity adjustment device 31 which adjusts the fuel concentration of a lean 
mixture which replaces with the ignition plug 91 1 in the 1st operation gestalt, controls the 1st fuel oil 
consumption by this operation gestalt is formed of the 1st fuel injection, and will be in a premixing 
condition, and the amount adjustment device 32 of exhaust gas reflux which adjusts the temperature in 
a combustion chamber 3 by adjusting the amount of exhaust gas reflux are offered. 
[0045] The fuel quantity adjustment device 31 consists of a fuel injection valve 8 and one function in 
fuel-injection control means 10A. That is, although a fuel-injection termination stage and a fuel fuel 
injection period are set up in fuel-injection control means 10A based on the fuel-injection mode set up 
by mode setting means IOC and the operational status (for example, an engine speed Ne and an engine 
load Re) of the engine obtained with the operational status detection means 21 Since fuel oil 
consumption becomes a thing according to a fuel fuel injection period, the fuel quantity adjustment 
device 31 consists of a function to set up this fuel fuel injection period, and a fuel injection valve 8 
which performs fuel injection according to this setup. 

[0046] The fuel quantity adjustment device 31 is a thing for the self-ignition of a lean mixture, when 
fuel-injection mode is the division injection mode for soot reduction, it is restricted, but in the case of 
division injection mode, by fuel-injection control means 10A, it sets up the fuel fuel injection period 
(fuel quantity) for the 1st injection (1st fuel injection) so that a lean mixture may serve as fuel 
concentration in which self^ignition is possible near a compression top dead center based on engine 
operational status. 

[0047] Moreover, the amount adjustment device 32 of exhaust-gas reflux consists of exhaust gas 
reflux path 32A continued and interposed in inhalation-of^air path 4A from flueway 6A, and exhaust 
gas reflux valve-control means (EGR control means) 10D which is prepared in exhaust gas reflux valve 
(EGR valve) 32B and ECU10 which were infixed in the middle of, and controls the amount of exhaust 
gas reflux (or rate of reflux) by the opening adjustment command of EGR valve 32B. [ this exhaust gas 
reflux path 32A ] 

[0048] And with the amount adjustment device 32 of exhaust gas reflux, if fuel-injection mode turns 
into division injection mode for soot reduction, the amount of exhaust gas reflux will be controlled and 
the temperature in a combustion chamber 3, i.e., the temperature of a lean mixture, will be adjusted so 
that it may be in the temperature condition in which the lean mixture by the 1st injection (1st fuel 
injection) can carry out self^ignition near a compression top dead center. In addition, since it is the 
same as that of the 1 st operation gestalt about other parts, explanation is omitted. 
[0049] Since the combustion control system as the 2nd operation gestalt of this invention is 
constituted as mentioned above With the fuel quantity adjustment device 31 and the amount 
adjustment device 32 of exhaust gas reflux, the direction of the lean mixture by the 1st injection (1st 
fuel injection) it is based on the 2nd injection (2nd fuel injection) of a near [ a compression top dead 
center ] — rich — conditions which carry out self-ignition before the self-ignition of gaseous mixture 
are prepared, and rich without an ignition plug from a lean-mixture side — gaseous mixture — 
combustion can advance toward a side. 

[0050] rich from a such lean-mixture side — gaseous mixture — rich by advancing combustion toward 
a side — the soot which should originally be generated by combustion of gaseous mixture comes to be 
reduced sharply, the steep increment in an equivalent ratio is attained, and it becomes possible to aim 
at large improvement in an engine output torque. In addition, although combustion advance to which it 
went to the fault rich-mixture side from the lean-mixture side as ignition of a lean mixture carried out 
before the self-ignition of a fault rich mixture is realized with each operation gestalt In a contact part 
with gaseous mixture for example, rich just before ignition of a lean mixture — as rich as a lean 
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mixture, even if the self-ignition of gaseous mixture arises — If combustion advance which went to the 
fault rich-mixture side compares and it is also partially obtained from a lean-mixture side, even if it 
lights a lean mixture after the self-ignition of a fault rich mixture, the fixed soot reduction 
effectiveness will be acquired. 

[0051] Therefore, it is not necessary to be necessarily made to light a lean mixture before the self- 
ignition of a fault rich mixture. Moreover, although the fuel of the high cetane number is used as gas oil 
with this operation gestalt, this combustion control system can also be aimed at the fuel with which it 
can apply besides gas oil if it is the fuel of the high cetane number, and gas oil has the in-between 
cetane number with the fuel which is not expensive as for the cetane number, i.e., gas oil, and a 
gasoline. 
[0052] 

[Effect of the Invention] unevenly distributed [ touching the lean mixture which exists in a combustion 
chamber in the state of premixing, and this lean mixture ] according to the combustion control system 
of this invention according to claim 1, as explained in full detail above — rich — rich from this lean- 
mixture side, in order to light oneself through an ignition means about a lean mixture among gaseous 
mixture — gaseous mixture — combustion comes to advance toward a side and rich — generating of 
the soot by combustion of gaseous mixture is controlled. For this reason, suppressing generating of a 
soot in a predetermined limit, the fuel concentration of a fault rich mixture can be made to increase, a 
comprehensive equivalent ratio (rich a lean mixture and equivalent ratio of the gaseous mixture which 
added gaseous mixture) can be enlarged now, and large improvement in an output of an engine can be 
aimed at. 

[0053] According to the combustion control system of this invention according to claim 2, by 
adjustment which can be performed using the existing device, without adding a special device called 
adjustment of fuel quantity, and/or adjustment of the amount of exhaust gas reflux, generating of a 
soot can be controlled certainly and large improvement in an output of an engine can be aimed at now 
by low cost. Since the forced ignition of the lean mixture by combustion-control-system *aMe*** of this 
invention according to claim 3 and the ignition plug is carried out, advance of combustion which goes to 
a fault rich-mixture side from a lean-mixture side can be realized certainly, generating of a soot can be 
controlled certainly, and large improvement in an output of an engine can be aimed at by low cost 
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